In this review of a clinical case and the subsequent autopsy findings, the importance of autopsy in determining the cause of death is highlighted. The importance of an autopsy in the neonatal age group is especially important since the yield of unexpected findings is considerably greater than in other groups, and the information may prove invaluable for parents and families in planning other pregnancies.
INTRODUCTION
Autopsy findings in confirming or altering clinical diagnoses made prior to death is particularly valuable in the neonatal period, since not only is the cause of death significant, but also at least of equal import is the presence of disorders or diseases that may recur. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] This case report underscores the value of an autopsy in determining the cause(s) of death in an infant in which the clinical diagnosis of sepsis was thought to be the sole cause of death.
CASE
A male infant was born with a birth weight of 1320 g to a 21-year-old G 1 P 0 mother who denied pregnancy until she presented to the emergency room with abdominal cramping. Pregnancy was complicated by maternal use of an oral estrogen-progesterone contraceptive throughout pregnancy. On the day prior to delivery, the mother noticed a copious vaginal discharge, and subsequently, vaginal bleeding, which she had interpreted as the onset of menses. The maternal white blood cell count was elevated (29.9 K) at the time of delivery; however, there was no history of maternal fever. Review of family history of both parents was negative for prior premature births, congenital anomalies, fetal deaths or miscarriages.
The mother precipitously delivered a male infant whose initial newborn physical examination was consistent with 28 weeks' gestation. The infant appeared phenotypically normal but he had significant cyanosis, with decreased muscle tone and poor respiratory effort. He required resuscitation with Apgars of 4 and 8 at 1 and 5 minutes, respectively, and was placed on ventilatory support. Because of poor perfusion, the infant required fluid resuscitation with normal saline (30 cm 3 /kg). The initial blood pressure was 52/37 mmHg with a mean of 28 mmHg and a heart rate in the 140s. No murmur was detected. Surfactant replacement therapy was given for respiratory distress syndrome with mild improvement in ventilation and oxygenation. Continuous dextrose infusion was begun for hypoglycemia. As sepsis was suspected in this infant, a blood culture was drawn and the infant was begun on intravenous ampicillin and gentamicin therapy.
Owing to the infant's progressive respiratory failure despite high ventilatory pressures, he was given vecuronium to achieve muscle relaxation. The neurological examination prior to vecuronium was grossly intact, without focalities or seizures. Hypotension persisted and the infant was begun on dopamine at 20 mg/kg/minute with little effect. He developed a persistent metabolic acidosis (base deficit À9) that was recalcitrant to several doses of sodium bicarbonate. The initial white blood cell count revealed significant neutropenia. Other initial laboratory data are presented in Table 1 . Owing to the worsening clinical status of this preterm infant, he was transferred to the Regional Perinatal Center.
Upon arrival to the Regional Perinatal Center at 8 hours of age, the infant was ventilated with poor perfusion, cyanosis, and diffuse petechiae. The infant's vital signs included a heart rate of 128 to 154, no spontaneous respiratory effort, and a blood pressure of 44/25 mmHg on pressor support. The anterior fontanelle was flat and nonbulging. The cardiac examination revealed no audible murmur, a normal S 1 , and S 2 without split, and thready distal pulses. Table 2 summarizes the clinical data.
The chest X-ray revealed a normal thymic shadow and cardiac silhouette, diffuse haziness or ground glass appearance and air bronchograms throughout consistent with severe respiratory distress syndrome. The infant received a second dose of surfactant at the level 3 hospital. Comparative, follow-up laboratory studies at the tertiary care center are summarized in Table 1 . Coagulation studies revealed profound disseminated intravascular coagulopathy for which the infant received repeated doses of fresh frozen plasma. Hypocalcemia also developed and was recalcitrant to multiple doses of calcium gluconate.
The infant's clinical course continued to deteriorate. The working diagnosis was septic shock in an extremely preterm male infant with respiratory distress syndrome. Supportive clinical and laboratory data for the diagnosis of septic shock included poor perfusion and cardiovascular collapse, multiorgan system failure, profound metabolic acidosis, hypoglycemia and hypocalcemia, diffuse intravascular coagulopathy, and neutropenia with a marked left shift on the white blood cell count. Of note, however, the blood culture obtained at the referring hospital prior to the initiation of antibiotic treatment was negative for bacteria.
Despite continued maximal medical intervention, the infant's clinical course continued to deteriorate. The infant had several episodes of bigeminy, which deteriorated into bradycardia that was unresponsive to all medical treatment. An echocardiogram had been ordered after the first episode of bigeminy; however, the infant died before it could be performed. Death occurred at 11 hours of age.
Provisional Clinical Diagnoses at the Time of Death:
Prematurity Septic shock Respiratory distress syndrome
AUTOPSY RESULTS
Parental consent for autopsy was obtained. The autopsy revealed the body to be that of a well-developed 1460 g Caucasian male infant of approximately 32 weeks' gestation. The infant appeared normal in appearance without any gross deformities. There was bruising noted on the cheeks, around the nares, and on the left forehead. Internally, there were no adhesions or abnormal collections of fluid noted in any of the body cavities. All body organs were present and in normal anatomical position; there was no malrotation of the organs. The most notable findings involved the heart, which was abnormally shaped. The left ventricle was small, pale, and bulging from the surface. The right atrial appendage and the right atrium and ventricle were large with dilatation of the ventricle. Examination of the right atrium revealed that the foramen ovale was not completely membrane protected. The coronary sinus was normally situated. The right ventricular outlet was normal with the pulmonary artery appearing larger than normal. The left atrium admitted all pulmonary veins. The mitral valve was dysplastic with an especially small anterior leaflet with short chordae tendineae. The left ventricular chamber was dilated and small with a thick, white endocardial covering. The outlet of the left ventricle could not be found, with an atretic aortic valve. Coronary arteries followed their usual distribution. While the usual branches of the aorta were noted, the aorta at the takeoff of the left subclavian artery was ridged, representing a coarctation. The ductus arteriosus entered the area distal to the coarctation and was patent, measuring 1.0 Â 0.4 cm. The thoracic aorta passed normally on the left. Examination of the head revealed additional findings. There was minimal galeal hemorrhage and the arachnoid had a dark purple coloration with scattered hemorrhages. On sectioning the brain, minimal hemorrhage also was noted in the ventricular system; focal hemorrhage was noted inside the germinal matrix consistent with a Grade II hemorrhage. No other abnormalities were noted on sectioning the brain and spinal cord.
While the lungs were anatomically normal for a preterm infant, there was a patchy yellow-green overlay on the pleural surfaces of the lungs. The lungs also were moderately firm to palpation and reddish-brown in color, with evidence of hyaline membrane disease without pneumonia, and pleural calcification.
Focal microscopic hemorrhages suggestive of hypoxia involved the kidneys at the corticomedullary junction, fetal cortex of the adrenal glands, thymus, gastric mucosa, myocardium and submucosa of the esophagus. There was considerable hemopoiesis in the liver as would be expected. The thymus showed starry sky changes of the cortex, slight cortical involution and necrotic Hassall's corpuscles in the medulla, changes consistent with stress.
The placental examination conducted at the outlying, referral hospital revealed severe, acute necrotizing chorioamnionitis. The provisional diagnoses that were made based on the infant's clinical course were revised on the death certificate in light of the autopsy findings.
Autopsy Diagnoses:
Prematurity Respiratory distress syndrome Hypoplastic left heart syndrome with atretic aortic valve and coarctation of the aorta Necrotizing chorioamnionitis
DISCUSSION
In this case, a premature infant whose gestational age appeared clinically somewhere around 28 to 32 weeks' gestation presented with significant respiratory distress, multiorgan system failure, and with signs of overwhelming sepsis. The cause of death was thought to be septic shock in a very-low-birth-weight neonate that was complicated by respiratory distress syndrome. The autopsy revealed that the principal cause of death was hypoplastic left heart syndrome with an atretic aortic valve and coarctation of the aorta. The infant had died before an echocardiogram could be performed. The routine performance of echocardiography in those neonates who require cardiotropic support would have provided the diagnosis in this case and may have altered therapy. In lieu of that information, however, the importance of autopsy is underscored.
The perinatal autopsy is an essential tool capable of generating important information to clinicians, families and society. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The death of a newborn is a tragic event and when contributing factors as to the cause of the death are discovered through a complete autopsy, parents can begin the healing process and plan future pregnancies realistically. 5, 7, 10 Some publications have suggested far fewer psychological long-term difficulties in mothers who learned the cause of death through autopsy. 6, 7, 10 In the case presented, the mother was unaware of the pregnancy until the day of delivery; she was distressed by the possible effects on the infant of birth control pills, and that she may have ruptured her membranes 1 day prior to delivery leading to the demise of the infant due to infection. Both parents were relieved to find out the nature of their premature infant's problems at delivery that led to his eventual death. While there were abnormal white blood cell indices in both the mother and her infant and placental changes consistent with inflammation, the autopsy revealed congenital cardiac anomalies and supported the premise that these defects played a prominent role in the infant's cardiovascular collapse.
In summary, the autopsy of the infant presented in this case report provided information essential to the accurate determination of the cause of death. This information proved to be invaluable to the clinicians caring for the infant, and to the parents of this baby in planning future pregnancies. The importance of an autopsy in this pediatric age group is especially important since the yield of unexpected findings is considerably greater than in the adult autopsy group. 6, 10 This is partly due to the fact that infants may die soon after delivery and prior to the development of definitive diagnoses. It is hoped that the information presented will be useful in discussions with parents concerning the advisability of pursuing an autopsy examination in early neonatal deaths.
